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1*f 001  »f HBWTS  FOB  ROlOGRkPRIC  PR0T06RAPRIC  HITBBIKLS 


T.  s.  Barbanel*,  E.  I.  Krapitskiy 


Holographic  devices  are  fiading  increasing  use  in  different 
fields  of  technology.  However,  despite  a large  nunber  of  studies,  the 
problen  of  optisal  preparation  of  holograns  has  not  been  resolved. 
Optinization  of  the  hologran  preparation  process  is  broken  down  into 
two  problens:  a)  synthesising  the  optisal  photographic  aaterial,  b) 
selecting  the  optisal  recording  regise  for  the  hologran  in  which  its 

paraseters  will  have  the  best  values  os  the  existing  photographic 
aaterial. 

It  shosld  be  nentioned  that  strict  forsalation  of  the 
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synthesizing  problea  is  an  eztreaely  coaplez  aatheaatical  problea. 
Thus,  in  the  present  article  this  problea  is  analyzed  only 
gaalitatizely.  Havertheless,  the  qaalitatize  ideas  presented  here  say 
be  osefol  in  solving  the  synthesizing  problens.  Moreover,  in  the 
present  stage,  while  there  is  still  no  strict  solution  to  this 
problea,  these  ideas  aay  also  be  nsefnl  in  obtaining  photoaaterial 
aaterial.  In  the  present  article  the  following  hologran  paraaeters 
will  be  considered:  a)  diffraction  effectiveness,  b)  interference  in 
reduced  field,  c)  nonlinear  distortion,  d)  contrast  in  reduced  inage. 
tet  us  write  the  aain  relationships  for  the  processes  of  recording 
and  reducing  holograns. 


Ve  will  assuae  that  the  referenced  and  subject  waves  in  the 
photographing  plane  can  be  represented  in  the  fora  of; 


<1) 


(a) 

(b) 


Then,  ezposurea  during  preparation  of  the  hologran  are  expressed 
by  the  relationship: 


C2) 


««•♦(*;  y)+ 


wheffia  f Of  ft  ■ f|lt  ft  * f>l  ft  t Be  " ezpoaore  created  when  the 

refewMoa  mm  mmm  Mts  m tW  pkaAocarrier. 
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The  aeplitade  transaission  of  the  prepared  holoqraa  can  he 
represented  in  the  fora  of 


(3) 


A*{x;  y) 


^9 


where  fnnctioa  f Is  deterained  by  the  type  of  the  characteristic 
cnrwe  of  the  photocarrier.  Expression  T(H)  is  called  the  optical 
transaission  function  (OTP)  of  the  photocarrier. 


In  reducing  the  prepared  holograa  illuaination  is  achieved  by 
the  subject  or  reference  beau  - (la)  and  (1b) , respectively.  In  the 
first  case  the  subject  wave  is  reduced  (holography,  interf eroaetry) , 
in  the  second  - the  reference  wave  (optical  filtration)*. 


rroOTiOTB;  It  should  be  aentioned  that  in  optical  filtration  the 
aaplitode  of  the  reduced  field  is  proportional  to  A*(x;  y) . BED 
f OOTBOTl J 

la  reality,  since  the  function  of  asplitnde  transaission  T(R) 
can  be  expanded  in  the  Fourier  series  with  respect  to  asfle  Ft 
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(«») 


T(x\  y)  -=  C.(x:  y)  + 2^^  r.(x.  y)cw  Bt(*:  ¥)> 


whor* 


A*{x,y)  . U'(x-,y) 


then  «e  get: 


(5a) 


E,.„  .p  » 4-  AjC,e‘*'‘  ••  + AjC,e  'f*<--  + . . . 

E^r.^^C^i,(x;  y)r*‘-  ••  + A,C,e‘^  + ... 


(5  b) 


Coaparison  of  (5)  and  (1)  shows  that  only  the  second  coaponents  are 
asefal: 

E„,„^AjC,{x; 

Emy%.m  At{x\  y^Ct{Xf  y)€^. 

Froa  relationship  (5a)  and  (5b)  it  is  apparent  that  the 
paraaeters  of  the  reduced  iaage  caa  be  characterized  with  any  degree 
of  accuracy  by  a set  of  coefficieats  C.,  vkleh  depend  on  the  fora  of 
the  OtF  of  the  photocarrier  (funetiea  F),  distribution  of 

the  subject  bees  with  respect  to  coordinates*  relationship  between 
the  anplltades  of  the  subject  and  reference  beans. 
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Wo*  let  us  see  *hat  the  OTP  of  the  photocarrier  aust  be  in  order 
to  create  a hologras  with  optisal  paraaeters. 

Diffraction  Effect Iweness 

Diffraction  ef fectiweness  f is  deterained  by  the  expression: 

* ’ 

wliore  ••  tke  light  flux  which  corresponds  to  the  first  diffraction 

ord  the  light  flax  incident  on  the  holograa. 

Proa  relationships  (5a)  and  (5b)  it  follows  that  <Di  is 
proportional  to  C*i,  and  thas  diffraction  effectiveness  grows  as 

i 

' coefficient  C|  increases.  Conseqaently , we  can  assoae  that  the  best 

OTP  has  a rectilinear  shape  (see  the  figure). 

Tf  the  range  of  exposore  change  lies  within  the  Units  of  the 
linear  portion  of  the  characteristic  (regiae  wlthoot  cat>off),  then 

|C/.0^  SU  r-6^%. 

I 

} 
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Greater  diffraction  effectiveness  can  be  achieved  If  we  use  one^ 
and  two-sided  (see  figure)  cut-off.  Here  we  get,  respectively: 

C."  — 0.3,  Cr  — 0.31;  r = 9%.  V"  = 9.rM%. 

With  a two-sided  cut-off  we  get  the  so  called  binary  holograa.  In 
working  with  the  linear  characteristic  and  when  all  of  its  linear 
portion  Is  used,  the  slope  of  the  OTP  toward  axis  H does  not  affect 
the  diffraction  effectiveness  value. 

It  should  also  be  aentloned  that  the  linear  portion  of  the  T (H) 
characteristics  deterslnes  the  dynaslc  range  of  change  in  the 
asplltudes  of  the  reduced  field.  If  we  ace  to  be  able  to  use  the 
advantages  of  the  cut-off  regise  then  the  OTP  sust  have  an  AB  segnent 
of  sufficient  length  (see  the  figure).  However,  in  registering  with  a 
cut-off,  in  view  of  the  nonlinearity  of  the  registering  process, 
nonlinear  distortion  develops.  (Its  sagnitude  depends  on  the 
coefficient  of  expansion  (h)  - C^;  Cj,  etc.). 


Interferen^  In  Reduced  Plelds 


Interference  in  the  reduced  ieage  is  the  result  of  three 
factors:  granularitp  of  the  layer#  scattering  slthin  the  layer,  and 
aaeven  thickness  of  the  carrier  ("phase  interference").  The  effect  of 

I 

w 

t 

I 
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granalarity  on  iaage  quality  can  be  detarained  by  the  Goodaan  foraala 

ni: 

, AJ/(i-C,)CU, 

m . 

«h«ra  /■  is  noise  intensity  at  distance  z froa  the  holograa;  X - 
uaeeleagtb  of  illuaination  source;  Iq  - illuaination  Intensity;  A,  - 
aean  area  of  eaulsion  grain;  S - area  of  holograa. 

Then  the  "signal/nolse**  ratio  with  only  the  granularity 
considered  in  the  case  where  a holograa  of  a quasi-point  obiect  is 
reduced,  is  expressed  by  the  foraula: 


(8) 


*1 


g.d'g.)  ■ 


In  order  to  insure  the  aaxiaua  "signal/noise"  ratio  deter ained 
by  (8)  it  is  also  desirable  to  have  an  OTF  of  linear  shape,  since  in 
this  case  coefficient  €«,  which  deteraines  the  useful  signal, 
locreases  considerably  in  coaparison  to  the  case  of  the  nonlinear 
OTF,  while  C«(1  - C0) , which  deteraines  interference,  reaains 
wirtnally  unchanged.  The  nazinun  "signal/noise*  ratio  is  achieved  in 
this  case  by  using  the  cut-off  regine. 


To  reduce  "phase  interference"  during  the  preparation  of 
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photocarriers  designed  for  the  production  of  holoqrans  special 
■easures  nost  be  taken  to  assure  stability  in  the  thickness  of  the 
carrier.  We  know  that  according  to  this  criterion  photoplates 
produced  on  glass  of  high  optical  properties  ha»e  the  best 
indicators,  although  the  phase  interference  of  the  holograns  can  he 
reduced  by  using  innersion  during  reduction,  this  nethod  is  quite 
inconvenient  in  practice. 


nonlinear  Distortion 

nonlinear  distortion  can  be  broken  down  into  two  conponents:  a) 
distortion  of  anplitude  distribution  in  diffracted  bean  of  first 
order  (sub'fect  wave);  b)  super! aposit ion  on  useful  inage  of 
diffracted  beans  of  higher  orders.  In  the  hologran  reduction  process 
cases  are  possible  where  only  the  first  coaponent  or  where  both 
coaponents  are  present. 

niniaua  anplitude  distortion  is  achieved  in  two  cases:  a)  in 
preparing  holograns  with  a diffuser,  ir  which  case  anplitude  h of  the 
subject  bean  is  independent  of  the  space  coordinate  and  distortion 
does  not  develop;  b)  in  using  the  OTF  of  linear  shape,  where 
nonlinear  distortioa  is  sfcssst  if  registering  is  done  in  the  regine 
vithont  cut-off,  sises  for  n * 2,  3,  4... 
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If  the  cut-off  regiae  is  used,  which  leads  to  a significant 
increase  in  diffraction  effect iweness,  nonlinear  distortion  grows 

sharplf.  This  cannot  be  tolerated  when  precise  reduction  of  the  field 
is  required.  However,  for  holograas  with  diffusion  this  regiee  is 
very  advantageous,  since  it  results  in  increased  diffraction 
effectiveness  without  aaplitude  distortion. 

To  nininize  aaplitude  distortion  a photocarrier  east  be  prepared 
which  Has  a OTP  with  a linear  section  of  aaxiaua  length  to  assure 
linear  registration  of  field  aaplitude  which  vary  within  a broad 
range. 


In  preparing  holograas  with  a diffuser  it  is  sore  convenient  to 
use  a photocarrier  with  the  OTP  shown  in  the  figure,  since  this 
assures  a cut-off  regiae  and  aaxiaua  diffraction  effectiveness  with 
no  aaplitude  distortion. 

The  second  coaponent  of  linear  distortion  - superiaposition  of 
higher  diffraction  orders  - leads  to  a redistribution  in  field 
aaplitudes  in  the  first  diffracted  bean.  The  analytical  expression 
for  ffol4  saplltades  of  higher  orders  is  provided  by  coefficients 
C.(a  > 2). 
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tn  Qsing  the  linear  characteristic  and  working  within  the  Halts 
of  the  llMar  fortioa*  nonlinear  distortion  is  absent  (since  in  this 
case  C.  w 0 for  a > 2)  . 


Contrast  of  Reduced  Inage 

nigh  contrast  is  inportant  in  recording  weak  signals,  where  the 
anplitade  of  the  subject  bean  is  low.  In  this  case  the  optisal 

] photocarrier  is  one  with  naxinal  OT?  transconductance  in  the  saall 

i 

' exposure  range.  If  sinultaneously  we  Unit  the  distortion  level  of 

f 

\ the  reduced  inage,  then  the  photocarrier  nust  have  a OTP  of  linear 

shape  in  the  range  of  saall  exposures.  The  fora  of  the  OTP  in  the 
I large  exposure  range  for  the  given  case  is  not  inportant. 

JensitlvitT  of  Photographic  Haterial 

Sensitivity  is  a characteristic  of  the  photographic  naterial 
itself,  not  of  the  hologras.  high  sensitivity  is  particularly 
inportant  in  the  case  of  a weak  signal,  k resnne  of  recosaendations 

of  selecting  the  fora  of  the  OTP  of  the  photocnrrier  as  a function  of 


I 


► ^ 
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holograa  reqairaaents  la  praaentad  in  tba  table. 


ConclQsions 

Holograa  paraaeters,  optiaired  by  selection  of  the  OTP  of  the 
photocarrier,  are  contradictory.  Xs  a rale  it  is  not  possible  on  one 
photocarrier  to  achieve  the  optiaoa  of  all  holograa  paraae'*’ers. 
Therefore  we  recoaaend  three  aain  types  of  OTP:  1)  OTP  with  high 
transcondnctance  in  the  range  of  snail  exposures-  for  the  case  of  a 
weak  signal;  2)  piece-wise  linear  OTP  - to  achieve  aaxiaoa 
diffraction  effectiveness;  3)  OTP  with  an  extended  linear  portion  - 
to  assure  a large  dynanic  range. 


> Consequently,  the  linear  OTP  is  optinal  for  aany  holograa 

paraneters,  although  the  length  and  slope  of  the  linear  portion  are 
I changed  in  keeping  with  the  specific  Individual  problen  encountered 
[ in  registering  holograas. 


Specifically,  in  registering  several  holograas  on  a single 
photocarrier  it  is  also  convenient  to  have  a photocarrier  with  a OTP 
which  has  a aaxinal  linear  section  along  the  H-axis,  since  this  will 
assare  optinal  registration  of  the  field  with  respect  to  aany 
paraaeters  with  a broad  range  of  change  in  aaplitodes. 
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Table.  Conditions  for  obtaining  best  basic  paraseters  for  thin-layer 
asplitude  holograss. 

Key:  (1)  Ro.  in  order,  (2)  Paraseter,  (3)  Beqairesents  for 
characteristics  of  photographic  saterial  and  registering  regises,  (4) 
OTP,  (5)  characteristic  carve,  (6)  registering  regiee,  (7)  other 
regniresents,  (8)  Rotes,  (9)  Diffraction  effectiveness,  (10)  With 
two-sided  cnt-off,  (11)  Hasisal  effectiveness  - lOo/o  (withoot 
cut-off  - 6.250/0),  (12)  "Signal/noise"  ratio,  (13)  The  sane,  (14) 
Hinieal  disension  and  scatter.  Constancy  of  optical  thickness  of 
photographic  eaterial,  (15)  Tn  selecting  OTP  only  interference 
resulting  froe  esulsion  grains  is  considered,  (16)  Ronlinear 
distortion:  a)  asplitude  distortion  in  first  order,  (17)  Rithout 
cut-off,  (18)  In  holography  with  diffusion  and  preparation  of  phase 
holograes  there  are  no  objects,  (19)  b)  level  of  higher  orders,  (20) 
The  saee,  (21)  Sensitivity,  (22)  On  initial  linear  portion  T(R),  (23) 
laportaat  for  weak  signals,  (24)  Contrast  of  reduced  isage,  (24a)  The 
sane,  (25)  Biniaal  grain  diaension  and  diffusion,  (26)  1.  laportant 
for  weak  signal.  2.  Longest  freguency-contrast  characteristic  is 
laportant,  (27)  Resolution  of  three-diaensional  frequency,  (28)  The 
saae,  (29)  The  longest  frequency-contrast  characteristic  is 
laportant. 
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